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in increasing order of stress-strain magnitude; a new method for tangent 
modulus calculation; a data extrapolation routine for the case where the 
last input data point is a small increment below the secant yield stress; 
additional statistical calculations to indicate goodness-of-fit of the 
data; and output values expressed in S-I metric units as well as customary 
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INTRODUCTION 

This supplement describes a revised version of the computer program, now 
designated as ARPY 5, which was developed to analyze stress-strain data.* The 
revisions to AMMRC TR 76-12 are as follows. 

1. Inclusion of a subroutine to arrange the input data in increasing order 
of stress-strain magnitude. (In the original version the program was aborted if 
the input data were not ordered.) 

2. Inclusion of a data extrapolation routine for the case where the stress- 
strain values of the last data point are just below those of the S^ yield values. 
(In the original version if the last data point was not equal to or larger than 
Si, the Ramberg-Osgood secant yield stress, the calculations were aborted.) 

3. Inclusion of a new method for tangent modulus calculations. 

4. Inclusion of computations for the correlation coefficient. 

5. Inclusion in the output of the stress-strain parameters expressed in 
S-I metric units. 

6. Elimination of all plastic strain component analyses. 

7. Miscellaneous revisions:  Elimination of optional Table 2 (tangent modu- 
lus) and Table 3 (plastic strain parameters).  Inclusion of S-I metric unit values 
in optional Table I (comparison of input data with computed stress values). Compu- 
tations of the elastic-plastic values of Poisson's ratio have also been eliminated. 

Appropriate changes in the output formats have been made to accommodate the 
various revisions.  There have also been some small changes made in notation, in- 
ternal computations, input, or output.  A few revisions have been made in the 
input data requirements but these are limited to data required on the header card. 

Descriptions of the revisions are given in this report.  Samples of the 
printed output and listings of the revised main program and the subroutines are 
given in appendixes. 

DATA ORDERING 

The routines for obtaining the Ramberg-Osgood Sj and m parameters require 
that the data be in increasing order of stress-strain magnitude.  The program 
contains a test for data order.  If one or more data cards are not in the required 
order, a subroutine, called ORDER, orders the data.  The subroutine contains a 
provision for aborting the ordering process if the number of iterations exceeds 
the number of data points.  When this occurs the calculations for the given data 
set are aborted and a diagnostic message appears in the printout. 

*PAPIRNO, R.   Computer Analysis of Stress-Strain Data:   Program Description and User Instructions.   Army Materials and Mechanics 
Research Center. AMMRC TR 76-12, April 1976. 



DATA EXTRAPOLATION FOR RAMBERG-OSGOOD ANALYSES 

In the original version of the program, the stress value of the last input 
data point S(N) must equal or exceed the secant yield strength Si, or the Ramberg- 
Osgood and subsequent analyses are aborted.  Let a test stress S(T) be defined by 

S(T) = 0.7E/E(N) CD 

where E(N) is the strain value associated with S(N). Now let a test increment 
be defined by 

AS = S(N) - S(T). 

Data Test 

(2) 

If AS is negative or zero, the last data point will have a stress value 
equal to or greater than S^  If AS is positive, the case shown in Figure 1, then 
S(N) will always be less than Sj.  In the revised program an additional test is 
done if the latter situation occurs.  The ratio S(T)/S(N} is calculated.  If the 
value of the ratio is 0.95 or greater, an additional data point is extrapolated; 
if the ratio value is less than 0.95, the R-0 calculations are aborted. The value 
0.95 was chosen arbitrarily to be the criterion of a last data point which was 
close to the Sj stress. 

Extrapolation Procedure 

S(N) 

E(N) 
STRAIN 

Figure 1.   Identification of stress and 
strain values used in the program for a 
test with the extrapolation criterion. 

A curve of the strain-hardening type, 

S = AeP, (3) 

is fitted to the last four data points of the set 
using a logarithmic least-squares procedure.  The 
stress-strain coordinates of the intersection of this 
curve and the secant modulus line, 0.7E, are now cal- 
culated. This point is designated S^, e^ in Figure 2. 
The strain difference between e^ and E(N), designated 
Ae in Figure 2, is determined. 

Now 2Ae is added to E(N) for the extrapolated 
value of strain. The extrapolated value of stress is 
then calculated from Eq. 3, using the extrapolated 
value of strain.  This procedure assures that the 
extrapolated data point will always be in excess of 
the secant yield stress. 

The program now treats the extrapolated point 
as if it were the last data input point for R-0 
computations. However, a diagnostic message appears 
in the output printout advising the user that the ex- 
trapolation procedure has been employed.  The message 
also contains the stress and strain values of the 



SIN) 

Figure 2.   Extrapolation procedure outline. 

Q'^/ &v      Extrapolated 
l)V      /   i   i      point 

S(N+1), E(N+1) 

1. Find A and p of Eq.3 
by least squares using 
last 4 data points. 

STRAIN 

2. Find S. , e., and Ae. 

3. LetE(N+l)=E(N)+2Ae. 

4. Find S(N+1) from Eq.3 
using e=E(N+l). 

E(N) 

extrapolated point. No entries are made for the extrapolated point in the op- 
tional output table; a message is printed to this effect at the end of the table. 

TANGENT MODULUS 

If the Ramberg-Osgood expression is differentiated, the resulting tangent 
modulus expression is given by 

dS/de = Et = E/[l + (3m/7)CS/S1)
m"1]. 

The corresponding expression for the strain hardening relation is 

dS/de = E., Ape p-1 

Expressing Eq. 5 in terms of stress, 

Et = Ap (S^A)^ (S/SJ^ 

where q = (p-1)/p. 

(4) 

C5) 

(6) 

When the value of E^ for stresses up to Sj is found from Eq. 4 and for stresses 
beyond Sj from Eq. 6, there is likely to be a discontinuity at the S]^ stress 
value.  This discontinuity can have two forms as shown in graphs in Figure 3. 
Such a discontinuity leads to ambiguous results in calculations involving the 
tangent modulus for stress values at S^ (for example, in plastic buckling). 



AtS,: R-0 too flat and/or 
S-H too steep 

STRESS 

Eq. 4 

AtS,:   R-0 too steep 
and/or S-H too flat 

Figure 3.   Two possible types of tangent modulus 

discontinuities at the secant yield stress (schematic) 

STRESS 

Note, however, that it is possible for the two tangent modulus curves to 
intersect, thereby eliminating the discontinuity.  The stress value at the inter- 
section has here been designated as the equitan stress Seqt. This stress value 
becomes one additional parameter to describe the stress-strain properties. 

The equitan stress is found in the program by solving Eq. 4 and Eq. 6 simul- 
taneously, using an iterative procedure. This is done by a subroutine called 
ISOTAN.  At the equitan stress. 

E/[l + (3m/7)(S/S1)
m ] = Ap(S1/A)

q(S/S1)
Cl. (7) 

Rearranging Eq. 7 results in 

(S/S^ +   (3m/7)(S/S1)
q+m"1   -  E/[Ap(S1/A)q]   =  0. (8) 

The S value in Eq. 8 is the desired equitan stress. 

It is possible for there to be no real solution for Eq. 8 or for solutions 
which are not useful for computation.  The program contains tests which identify 
these cases and diagnostic messages appear in the printout.  The nonsolution and 
nonuseful solutions for which tests are done are as follows. 

No solution can be found in 100 iterations. 



2. The computations diverge, resulting in numbers too large for the computer. 
(A running size-check of key calculated quantities is made in a subroutine called 
S1ZECK.) 

3. The equation has an imaginary solution. 

4. The solution stress value is larger than the stress of the last data point, 

5. The solution stress value is less than the proportional limit. 

Shown in Figure 4 are the results of a computation for a titanium alloy.  In 
this case the equitan stress is less than the secant yield stress. The curve- 
fitting parameters for the stress-strain data are as follows: 

E = 15.2 x io6 psi (104.8 GPa) 

Sx = 165.57 ksi (1141 MPa) 

m = 25.07 

p = 0.1683 

A = 333.6 ksi (2300 MPa) 

The computed value of the equitan stress is 162.36 ksi (1119 MPa). 

3.0 

Z5 

2.0 
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Figure 4.   Computed tangent modulus values for a 

titanium alloy using analytical expressions derived 

from differentiating the Ramberg-Osgood and strain 

hardening equations. 
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Referring to Figure 4, note that there is a discontinuity in the tangent mod- 
ulus if it is computed from Eq. 4 to Sj and from Eq. 6 beyond Sj at the values 
designated B and C in the figure. The discontinuity disappears when Eq. 4 is used 
for stress values to the equitan stress (A in the figure) and Eq. 6 thereafter. 
It should be noted, however, that the stress-strain values associated with the 
tangent modulus would be computed from the R-0 curve to Sx and from the S-H curve 
beyond S^ 

Applying the procedure results in a rough approximation of the tangent modu- 
lus and is suggested only for economy of storage of parameters.  If a better 
approximation is required, then other more accurate methods should be used which 
operate directly on the stress-strain data.  For the latter case the stress-strain 
data may also have to be stored. 

t 

MISCELLANEOUS REVISIONS 

Metric Units 

The output parameters are given in both Standard English units and S-I metric 
units. For the S-I units, the modulus of elasticity is given in GPa and all other 
stress values in MPa. 

Header Card 

kn  input Poisson's ratio is no longer required.  The following changes from 
the information given in Table 1 of the Supplement to AMMRC TR 76-12 (page 4) are 
required 

Columns 1-43  No change 
Columns 44-50  Specimen Area, Format F7.4 
Columns 51-62  Date of Test, Format 2A6 
Columns 63-65  Output Option, Format 13; enter 1 in column 65 

for optional table.  Leave blank for standard output. 

Optional Table 

Calculations of point-for-point tangent modulus and elastic-plastic Poisson's 
ratio have been eliminated as well as calculations of plastic components of strain. 
These data were printed in optional Tables 2 and 3 of the original program and 
these have been eliminated.  In the single optional table in the revised program, 
a point-by-point comparison is given of the actual input data stress values with 
those calculated from the approximate analytic expressions. The values are ex- 
pressed in both Standard English units and S-I metric units. 

Additional Parameters 

The maximum strain of the data is printed out.  Computations of the correla- 
tion coefficient are made for three separate data regions:  elastic region; from 
the proportional limit to the secant yield stress; the strain hardening region. 
The values appear in the printout and serve, with the standard error of estimate, 
as an indicator of the goodness-of-fit of the analytic values to the test data. 



APPENDIX A. SAMPLES OF OUTPUT 

1. Sample of printed output of stress-strain parameters and statistical 
data for a specimen of ESR 4340 steel tested in tension. 

2. Sample of tabular data for the same specimen in which the observed 
stress values are compared with those computed from the Ramberg-Osgood and strain- 
hardening analytic approximations.  The columns labeled "Observed Strain" and 
"Observed Stress" are the input test data values. 

IIALYTIC   4PPR3XIMATI0N   3F   STREGS-STS*IN   PROPERTIES 
RAMBERG-OSGOOD   ANO   STRAIN   HARDENINC    PARAMETERS 

OSTAINEO   FROM   ANALYSES   OF   EXPERIMENTAL   DATA 

EPS=SIG/E«(3/7 IIS1/E ItSIG/Sl l»»H RAMBERG-CSG00D   EQUATION 

STRAIN   HAHDENING   LAW SIG:A(EPSI»»P 

PEC   NO   ESR1C1         <1310   STEEL TEMP = 

MODULUS         S-INTCPT   E-INTCFT SPL 

NE3»-PS1              PSI         MU-IN/IN KSI 

20   C      STRAIN   RATE=   1.0-05   PER   SEC      TEST   DATE      12-CC-7<1 

•«•**   STANDARD   ENGLISH   UNITS   «•»«• 

.1-PCT   SY      .2-PCT   SY      COEFF-A 

KSI KSI KSI 

29.52 

MODULUS S-INTCPT E-INTCPT SPL SI EXPNT 

SP» net MU-H/M MPA MPA M 

203.51 -.65 3. 1118.3G 1206.01 1C3.9 

SI EXPNT 

KSI M 

162.20         171.92         103.30        173.35 171.52         .2181*03 

•••••    S-I   INTERNATIONAL   METRIC UNITS   ••••• 

.1-PCT   SY .2-PCT   SY      COEFF-A 

MPA MPA                    MPA 

1195.21 1203.21        .1501*01 

STANDARD   ERROR   OF   ESTIMAI£    AND   CORRCLATION   COEFFICIENT 

:XPNT 

P 

EXPNT 

P 

MAX   STRAIN=   .01330 

SE3T 

KSI 

SEST 

MPA 

.01623 1200.11 

STANDARD   ENGLISH   UNITS S-I   METRIC   UNITS 
ELAST   SEE R-0   SEE S-H   SEE ELAST   SEE R-0   SEE S-H   SEE 

KSI 

.755 

KSI 

.259 

KSI 

.395 

MPA 

5.21 

MPA 

1.73 

MPA 

2.72 

CORP.    COEFF. 

ELASTIC R-0 S-H 
R 

.9399 .9 3 23 

R 

98C2 

COMPARISON   OF   COMPUTED   STRESS   VALUES   WITH   EXPERIMENTALLY    C3SERVED   VALUES 
FCR   SPECIMEN   NO.   ESR1C1 DATE   CF   TEST      1J-CC-71 

STANDARD   E1GLI3H   UNITS 

OBSERVED      ADJUSTED      OBSERVED      COMPUTED STRESS 

S-I   METRIC   UNITS 
CESFRVEC      COMPUTED STRESS 

STRAIN STRAIN STRESS STRESS DEVIATION STRESS STRESS DEVIATION 

IN/IN OR   M/M KSI KSI KSI MPA MPA MPA 

.000000 -.000003 .00 -.03 .091 .00 -,65 .65 

.000351 .CDC 351 10.51 10.35 .185 72.67 71.39 1.28 

.000710 .000737 21.03 21.75 - .668 115.31 119.95 -1.6 0 

.CD1CEG .0C1CG3 31.Gl 31.37 .210 217.91 216.29 1.65 

.001118 .001115 12,15 11.76 .390 230,51 287.32 2.53 

.001768 .001765 52.69 52.09 .500 363,28 353.15 1.13 

.002122 .002113 53.23 62.51 .591 135.36 131.13 1.75 

.002535 .002590 73.77 7C.11 -2.571 508.63 527.01 -18.12 

.002313 .002315 81.30 83.97 .332 581,23 573.31 2.23 

.0C32D8 .003205 31.81 91.59 .215 653.90 652.20 1.73 

.003572 .003563 105.33 105.31 .012 726,57 726.28 .23 

.003927 .003921 115.92 115.82 .101 739.21 738.52 .72 

.001231 .001273 126.15 125.25 .195 871.91 370.56 1,35 

.001629 .001626 136.99 136.51 .151 911.51 911.38 3,13 

.005306 .025003 117.53 117.66 - .131 1017,18 1013,11 -.32 

.005362 .C05353 158.07 156.17 -.102 1089,85 1030.55 -.70 

.005901 .035733 183.61 163.01 -.103 1162,52 115^,30 -2.73 

.006500 .005137 173.00 172.63 .367 1152,79 1190.26 2.53 

.007300 .006337 173.50 173.51 -.010 1196,21 1195.52 -.28 

.007500 .007137 171.00 171.11 -.138 1199.69 1200.61 -.95 

.008100 .038C37 171.73 171.56 .130 1205.13 1201.21 .30 

.009000 .008337 175.10 175.11 -.310 1207.27 1209,11 -2,13 

.011200 .011137 176.30 177.19 -.293 1213.68 1221,70 -2,02 

.012860 .012857 177.35 178.33 -.373 1225.22 1229,53 -2.51 

.011300 .011237 179.00 179.21 -.305 1231.15 1235,58 -1.12 

.015000 .011937 180.06 172.60 .157 1211.17 1238.32 3.15 

,019300 .019237 181.11 131.71 - .593 1213,71 1252,83 -1.12 



APPENDIX B. PROGRAM LISTING 

The prograii. is written in FORTRAN IV and has been run on a UN.TVAC 1106 com- 
puter.  The listing includes the main program and five subroutines.  The number 
of punch-cards for the program, including comment cards, is as follows: 

Main program: 
Subroutine ORDER 
Subroutine LSTSQ 
Subroutine RJA75 
Subroutine ISOTAN 
Subroutine SIZECK 

472 cards 
28 cards 
20 cards 
28 cards 
83 cards 
13 cards 

TOTAL: 644 cards 

arcPfis MAIN 

COMMON   S<100»IE«10C)IE£U001 tX UOO) t YI100) f CSf lOOt « 
ISM (100 ItCSMtlOO UOVMtinO rfDVClOOI 

[DIMENSION   A??RAY(U 
EaUIVALENCCISdlt ARRAYCI n 

READ    70tNl 
11=0 

1 Ilrll-»1 
IFCI1.GT.N1)G0   TO   939 
00   2   I=ltlC0L 

2 ARF?AY<H=C 
C      ^CAD    IN   OF   DATA   AND   CONVERSION   TO   PSI   AND   IN/IN   UNITS 

READ   71tSN0,XMTLiYMTL tTEMP.EDOT.NtN3tP*L.AREA,DATE3tOATE1.N' 
IF «N3.EQ.2 IGO   TO   «» 
IF(N3.EQ.3)G0   TO   S 

C      ^AW   DATA   IN   KSI    AND   MICPO-IN/IN   •   N3rl   • 
00   3   1=1.N 
READ   72.S(II.E(II 
S(I)=S(I)*1000. 
E UlrE (I I/C1U.**E. I 

3 EEtlUEd) 
GO   TO   8 

C      ?AW    DATA    IN   POUNDS   LOAD   AND   TN/IN   *    N3=2   » 
'i DO  5   1=1.N 

READ   73.SII I .Ed J 
S(I»=S(I)/AREA 

3 EE(IJ=E<I) 
30   TO   B 

C      1AW    DATA   IN   KSI   AND   IN/IN    ♦   N3r3   ♦ 
E DO   7   1=1.N 

READ   7i|.S(I J.Ed] 
Sdl=S(I I»1D[J0. 

7 EE(I)=E(I) 
C  CHECK THAT DATA ARE ORDERED 
3     N0,JT = C 

NL=N-1 
DO 9 1=1.NL 
IF IS(I I.LE.Sd*lI IGO TO 2 
IF«3( II.GT.Sd*! M   NCUT=NCJTtl 
IF (E (I ».GT.Ed+l M    NCUT=NCUT + 1 

IN  INCREA: ;TRESS/STRAIN MAGNITUDE 



1C 

11 
c 

12 

13 

9 CONTINUE 
IFtNSUT.CO.DIGO   TO   IP 

C      ORDERING   OF   DATA 
MOPDER^D 
CALL   ORDE^tN.^fE.EEiMORDIR) 
IF(MCRDER.E3.0J   60   TO   10 
EN=E(N» 
NEND=0 
GO   TO   51 
SFL-rrL*it;DO 
MVrO 
SEOT=D 
NRUN=P 
NRUN=NRUN*1 

ELASTIC   DATA   ANALYSIS 
1=0 
1=1*1 
IF( SI D.GT.SPL JGO   TO   13 
IFJI.EQ.NJGO   TO   13 
GO   TO   12 

J=JFL-1 
IF(J.GT.2JC0   TO   m 
EN-EfN| 

C      INSUFICIENT   ELASTIC   DATA 
NEN0=1 
GO   TO   51 

m DO   15   1=1.J 
XfII=E(II 

15 Y(I)=SII) 
LT = 1 
LJ=J 
CALL   LSTSOtX.Y.SL.CF.LI.LJI 
EMOD=SL 
IF(NRUN.E3.2IGC   TO   1C 
S10F = 0F 
E10F=-S10F/EM0D 
PE0F=E10F*(10.«»S.) 
FS0F=S10F 
E0FF=E10F 
SO   TO   17 

1G S20F=0F 
r20F=-S20F/EMOD 
E3FF=E2CF 
PS0F=S10F*S20r 
E120F=E10F*E20F 
PE:0F=E1Z0F«{10. ♦*£.! 

17 DO   13   1=1.N 



18 ECIimi l-EOFT 
C      7-0   ANALYSIS 

EN=E (NJ 
SCT1=,7»EM0D 
SCT2r,85»E:M0D 
CHK1=Z(M)»SCT1 
IF(CHK1.GE.S(NI IGO   TC   19 
CHK3=CHK1/S(NJ 
IF{CHK3.3C.,95IGO   TO   tOD 

C      LAST   DATA   POINT   STRESS   VALUE   LESS   THAN   SI 
NEND=2 
GO   TO   33 

C      EXTRAPOLATION   ROUTINE 
<iOO LI = N-3 

LJ^N 
MX=MX*1 
DO   101   IrLI»LJ 
X(I1=AL00IEIZI) 

101 Ym=ALCG(Sm» 
CALL   LSTSQ<XfY,SLtOFtLI»LJJ 
XPNT=SL 
COEFF=EXPfOF) 
XTRPE=2.»«SCT1/C0EFFI*»(1./(XPNT-1.U-EIN I 
XTRPS=CCEFF«XTRPE*»XFNT 
N=N*1 
E(NlrXTRPE 
SIN)=XTRPS 

19 I=J 
20 1=1*1 

0EL2=SCT2*EII I 
IF<0EL2-3(I)J20t22f21 

21 SL2 = ISIII-SfI-iri/tEtH-EII-lM 
B?=StIl-SL2*£(II 
S2rSCT2*32/(SCT2-SL2l 
E2=S2/SCT2 
JS2=I-1 
GO   TC   21 

22 S2=S(II 
E2=EfI) 
JS2=I 

23 1=1*1 
21 0EL1=SCT1*E(I1 

IFIOELl-SIII»23.2G»25 
25        SLI = (SII i-sei-i n/(E(i j-E(i-i n 

Bl=SCII-SU*Em 
S1=SCT1^B1/(SCT1-SL1f 
E1 = S1/SCT1 
JSI=I-1 
GO   TO   27 

25 S1=S(II 
E1=E(I) 
JS1=I 

27 CHK2=JS1-JS2 
IFICHK2.GE.2IG0   TO   2B 
NEND=3 

C      INSUFFICIENT   DATA   IN   KNEE   PLCION 
GO   TO   33 
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23 JP=JS1*1 
XNUM=»L0Gt7.»lEM0D»E2-S2)/(3.»Sl») 
XDEN=ALOG(S2/S1 I 
XM=XNUM/XOEM 
SPL=S1*J7.*EMCD/I3.*S1*{20.«*6.tll**ll' 
ITJMR'JN.Ea.UGO   TO   11 
IF <«X.GT.O I   ICHK=1CC.«E( N-l 1/H + .5 
IF(MX.GT.O)    XTRPE=XTRPE*E12CF 
IFfKX.GT.DI   EN=E(N-1I 
EPL:3PL/EM00 
SY=Sl*(7.*EM00*.C0 2/t3.«SlII*»(1./XMI 
SY1 = S1*< 7.»EMOD».001/(3,*Sl n**Jl./XMI 
DO   29   I^JPLtN 

23 Y< IJ = ALOG(StI) ) 
NP=N-JP*1 
ir(NP.GE.3)00   TO   31 
DC   3C   I=JPtN 
S(I)=0 
E (II^D 
E£III=0 
Y(I1=0 
N=JS1 

INSUFFICENT   S-H   DATA 
NEND=«I 
GO   TO   33 

STRAIN   HARDENING    ANALYSIS 
COMPLETE   DATA   SET   FOR   NEN0=5 

NEND=5 
DO   32   I^JPtN 

32 X(II=ALCG»EtIII 
LI^J^ 
LJ=N 
CALL   LSTS3(XtYfSL.CFiLItLJJ 
P=SL 
ArSl/(El*»P) 

3 3 D T1=0 
0T2 = C 
DT3rO 
S3AR:=0 
SBAR2=0 
S3AR3=0 
DR1=0 
0R2=n 
DR3=D 
CCR1=0 
C0R2=0 
C0R3=0 
JR0=JS1-J 
JSH=N-JS1 
DC   ZH   I=ltJ 
CS(I)=EI U»E.HOD 
OV(Il=S(II-CS(II 
DT1=DT1«-DV(I1»*2. 

31 SBARlrSBARl+StU/J 
00   35   I=liJ 

/XK I 

3C 

C 
C 
31 
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35 DRlrORl-MSBARl-SdM"?. 
OVl=SQRT(OTl/JI 
COR=l.-OTl/ORl 
ir(COR.LT.D)    GO   TO    3G 
C0Rl:r3RT(C0RI 

36 irtNCNO.LT.t) )    GO    TO   «t ? 
DO   37   I:JPLtJSl 
Z=C3(I-1J/Sl 
BE-L (I I»EKCD/S1 
CALL    RJA75(2.XMt33) 
csm=z*si 
CV(I)=G<11-03(1) 
DT2=DT2*DVCI \**2, 

37 S3AR2=S3AR2* JID/J^O 

D^   36   IrjPLtJSl 
33 DR2 = 0r?2*»3BAR2-G (I) )**2. 

DV2=SQRT(0T2/JR0I 
C0R-:.-0T2/DR2 
IF (COP.LT.DI   GO   TO   39 
CCR2 = ^QRT< COR) 

39 IF(NCND.LT.5)   GO   TC   12 
DO   HO   I=JP.N 
CS(I)=A*E(I1*»P 
0VII)=3IZ}>CSfIl 
DT3rDT3*0VII1**2. 

tO SBAR3rSBAR3+S(I)/JSH 
00   HI    I=JP.N 

HI DR3=DR3*(SBAR3-5(I)»**2. 
0V3=53RTt0T3/J3H) 
C0R=1.-0T3/DR3 
ir(COR.LT.a)   GO   T0   H3 
C0R3rS0RT(CCRI 
GO   T''   m 

C      EaUITAN   STRESS   COMPUTATION 
C      NO    R-C    DATA   OR   NO   S-H   DATA   »    NO    TQUITAN   STRESS    COMPUTATION 
12 JTCL'Trl 

GO   TO   18 
H3 JTCUTrD 

SE3T:0. 
SEGTMrO. 
XMT:XM-1. 
XNT=CP-1.I/P 
CW=EMOD/(A*P*(Sl/A)••XNT) 
KU-V 
wn. 
CALL   ISCTAN'( WtXMTf XNTtCWiKWI 
ir(KW.LE.lOn)    GO   TO   H£ 
IF(KW.LE.20C1   GO   TO   ^5 
ir(KW,LE.3001 GO TC tU 

C  NO SOLUTION CAN BE FOUND FOR I! 
JT0UT=2 
GO TO 43 

C  MAGNITUDE OF 
kt JTCUT:3 

GO TO 4 3 
C  IMAGINARY SOLUTION 
15    JTOUT = '» 

GO   TO   HB 

iCTAN   EQUATION 

VARIABLES   IN    IS^TAN   COMPUTATION   TOO   URGE 

FOP   ISOTAN   EOLATION 
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ts 
IFISE3T,LE.SPLI   GO   TO   «t7 
IFCSE3T.LE.S1)   GO   TC   ««3 
E:EQT=(SEaT/AI«»(l./PI 
IF(EE9T.LT.EN)    GO   TO   t| 3 

C 
117 

<4d 

«»9 

50 

51 

CaUITAN   STRESS 
JTOUT   =5 
!rEQT=0 
GO   TO   13 

EOUITAN   STRESS   LESS   THAN   SRL 
JTOUT=S 
SEQTrO 
IFIN2.EQ.01    30   TO   50 
IF(NEND.LT.2J   GC   TO   51 
ir(NENO.LT.MJ   NPTS=J 
IF(NEND.Ea,«t »   NPTS-JS1 
IF(NEND.GT.«I J   NPTS^N 
DO   13   IrltNPTS 
si i)=st D/ioon. 
SM(I l=S(I (♦SMC 
CS(I)=CS<I)/1000. 
CSMII UCSCI J*SMC 
DV(IJ=DV(IJ/1000. 
DVMCI l=DV<Ir*SHC 
EMCOrEMCD/(10.•♦6.I 
EMODMrEMOO»SMC 
PSOFK=PSOF«SMC/10DO. 
DVl^OVl/lDOO. 
OVlKrDVl«SMC 
IFCNEND.LT.I>    GC   TO   51 
XTRPS=XTRPS/1DD0. 
XTRPSM-XTRPS^SIC 
S1=S1/1000. 
S1M=S1»SHC 
Sr,L=SPL/lCOO. 
SPLMzSPL»SMC 
SY=SY/ltDQ. 
SYM=SY»SMC 
SY1=SY1/10C0. 
SY1M=SY1*SMC 
DV2rDV2/100U. 
0V2M-DV2»SMC 
IF(NEND.LT.51   GO   TO   51 
A:A/10CD. 
AMrA«SMC 
0V3:0V3/100n. 
DV3M=DV3*SWC 
IF   (JTCUT.GT.PJ    GO   TO   51 
SEQT=SEQT/10G0. 
SEaTM-S£3T*SMC 
PRINT 100 
PRINT 101 
PRINT lD2tSN0fXMTLfYMTLtT 
I^tNENO.GT.l) GO TO 51 
IFCNEND.Ea.l I   GC   TO   5? 
PRINT   lC3fSN0 
GO   TO   1 

LARGER   THAN   STRESS   OF   LAST   DATA   POIN" 

' M P • E 0 0 T f D A T E 3 t D A T E << f E N' 
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v^I';r : r!4 

51 

57 

EL! 

333 
70 
71 
72 
73 
71 
1DD 

101 

102 

:RIN■' ' •:.> 

PRINT 
CO "C 
P.7IV' 
PRINT 
PR IN 

r r-. 

it   CO 

re ^c 
-o 5 7 

-UP 

IF JNl'.CQ.D I 
CC TO 53 
PRINT 110 
ir<Mx.G'r a> 
PRINT 1 

1C7 
108 
103iLMODtrH03MtPjOrt 

IC   TO   1 
PSOFMtPilOFfnVl tDVlftCORi 

PRINT   lll.ICHK.X"rRP3tXTRP^MtXTRPr 

ll3*:M03fPSCFtP[:0F#:9LiSliXM»SYltSYt0VlfDV2fCCRltCC^2 
11M 
115tEM00MtPS0r«tPZCr.CrL**.31MtXr<.SYlM.^YM»DVlM.DV2r'tCCRlt 

GO TO 1 

PRINT 
PRINT 
PRINT 

ICOPZ 
iriN2.E3.CJ 
3 0 TO 59 
I^IJTO'JT.ZI.O) GO TO 53 
PRIN" HE 
IP ( JTOUT.ETQ.ZI PRTN' 117 
I^( JT0UT.E3.3) PR1N-T 113 
IP «JTOUT.Ea.«U PRINT 113 
IP(JT0UT.E3.5) PRINT 120 
IP ( JTOUT.EQ.E I PRIN-r 121 
PRINT 122 
PRINT   123fEMODtPSOPtPEOP t^PL.SltXMtSYltSYiAtPtSEaT 
PRINT   12t 
PRINT   I25fEMa0Mtr5CFMfPC0riSPLMtSlMfXHfSYlMtSYMtAMtP»SEGTM 
PRIN,r   12S 
PRINT   127iDVltDV2iDV3iOVlMtDV:MtOV3MiC0Rl»C0R2 »CCR3 
I,r(N2.E3.C)   GO   TC   1 
PRINT   128»SN0 tDATEZtDATE'i 
DO   GO   I=liNPT^ 
PRINT   129fEE(H»E(I>tS«I»tCSCUiDVCII»SM(IliCEN(I>tDV^(II 
IFCMX.GT.O)    PRINT   13r 
IP(MX.GT.OT   30   TO   1 
Zct NCNO.E3.<4 )   PRINT   131 
IF (ICNO.LT.<t I   PRINT   132 
GO   TO   1 
ETOP 
FORMAM 13) 
r0RrAT<5AE .2I2.P7.2tF7.') t2AEtI3 I 
F0RMAT(F7.?.F7.0 ) 
FOP-KAT (F7.C.F7.5I 
F3RMAT<F7.2.F7.5 » 

■   ETRAIN   PRCPrRntS 
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1C3 

10«« 

105 

105 

107 

103 

103 

1111 

111 

112 

113 

11«4 

115 

11C 

117 

113 

113 

12C 

121 

F0?MAT(/iT25.3(5(1H*)tSX).//^T32l,♦♦•♦• NO ANALYSIS UA 
IE DATA FOR SPCC.NO. •»A5t••*•«••f//tT25t•THE DATA CARD 
23Z ARRANGED IN INCREASING ORDER OF STRESS MAGNITUDE.'. 
3H« LEY J I 

FORMAT!/.T25i3J5(lH*)fSXJt//tT27t»»»*»« INSUFFICIENT 3 
1LASTIC REGION WERE INPUT TC THE PRCGRAK. •♦•♦*• »/»T2«l f 
2ST SQUARES ANALYSIS COULD NOT 3E MADE AND THE CALCULAT 

3CRTE0.,t//»T25t8(5«1H* »t6X M 
FORMAT!TlQt•••♦••THERE WERE INSUFFICIENT DATA FOR A V5 

1YCISM 
FORMAT! 1H+.T71 I'TOC FEW DATA POINTS IN THE KNEE OF THE 

l««**«t/l 
FORMAT! 1H«-.T71.'STRESS   VALUE   OF   LAST   DATA   POINT    LESS   ^ 

!<:.••*♦•• t/1 

S   MADE   OF    TH 

Z    COULD   NOT 

//i T25tBlrill 

ATA IN THE E 
•A VALIP LEA 
IONS   WERE   AB 

rORKATIT20tF7.2fT3r.F7.2.Ttl2»F7.0tTS2tF7.2tTG5 tF7.0.T3 
17.2fT107tFS.1l 

FORMAT tTl«»f •••»*•    THERE   WERE    INSUFFICIENT   INPUT   DATA    B 
1    STRESS   FOR   A   VALID   STRAIN   HARDENING   ANALYSIS.•••••'t/ 

F0PMAT!T11t•♦•♦•«    THE    LAST    INPUT   DATA   POINT   HAD   A   STRA 

1CH   WAS*?    IZt*    PERCENT   OF   El.      AN   ADDITIONAL   POINT   WAS* 

2APCLATED   SC    THAT    AN   R-0   ANALYSIS   COULD   QE   MADE.    THE    ST 
3"' 
U 

3 SEE*•TlD3»,ELAST»fT113«,R-0,»/i 
'jTll.^MEGA-PSI't T2'4.»rsi» tT 70.•MU-IN/IN •iTt(2t*KEIt»T51i 
S'.TSa.'KSI'.TGQ.'KSI'.TSl.'KSI'.TlOl.'KSI'.Tlll.'R'.Tl 

F0RMATtTll.F7.2.T22.F7.Ci.T3O.F7.nfT«*DiF7.2.T«)3,F7.2.Tr: 
17,2.T73.F7.2.T38.F7.3.T33.F7.3.T1C3.FG.««.T116.FG.(H 

FORMAT I1HL»T*»E. ••♦♦•« S-I INTERNATIONAL METRIC UNITS ♦ 
ITllf •M0DUL'JS,tT21 .•S-INTC^T* • T 30 . •E-INTCPT* .m2» TPL*. 
2.•EXPNT'.TBC.».1-PCT SY*.T77.•.2-PCT SY'.TBB»•ELAST SE 
i crrt .TI nei. » n ACT i . n ^ a. «D—n • . /. 

POUND FOR THE IS! 
2.,NCT BE DETERMINED BECAUSE*I 

F0RMATI1H*. TSG^NO   SOLUTION   COULD   3E 
2.••••«»,/j 

FORMA1-! 1 H♦.T3G., THE   COMPUTATIONS   INVOLVED   MUMPER   SITES 
10R   ""HE    COMPUTER.♦•♦•♦, ./J 

FORMAT!1H♦.T3S.,THE    ISOTAN    E1UATICN   HAD   AN   IMAGINARY    S 
1*'t/\ 

FORMAT!1H*.T3S.•THE   VALUE   FOUND    WAS    LATGE^   THAN   THE   MS 
1A    PCINT.«♦•♦••./I 

FORMAT! iH* .'THE   VALUE   FOUND    W4S   LESS   THAN   THE   PRCPORTI 
!•*♦♦•,/( 

.120.'ELASTI 
r* .TS2.*STND 
* 'GPA*. T«tM. • 
103. 'COEFF'. 

'«tF7.3tT9'»»F 

EYCND   THE   SI 

IN   VALUE   WHI 

*/tllH.'EXTR 

RESS   AND    STP 
KSI    (,.F3.2 

rsii'si'trss 
E' .TSO.'R-O 

•KSI '.TFl. 'M 
13.'R'./) 
3.r".2.TC7.F 

TSl.* SI*.T53 
E* .190.'R-C 

Cl .'M'.TBO. • 

3.F7.2 .TGE.F 

HE R-C CURVE 
COULO'. /.T10 

TAN   EQUATION 

TOO   LARGE   F 

OLUTION.**»♦ 

X-STRESS   DAT 

ONAL   LTMTT.» 
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122 

123 

12H 

125 

12S 

127 

123 

123 

130 

131 

132 

FORMATIT50i♦•♦••♦ STASOA^O ENGLISH UNITS ♦••••»,//» 
1T11 ttMGDULi;S,tT21.'S-INTCrT,.T30i,E:-INTCPT»iTi»2tfSrLf »r51f 'Sl'tTSS 
2t •EXPNT'.TGSi '.l-PCT SY'tT77t» .2-PCT SY»iT33i*COEFF-A'i T10G»•EXPNT 
Z'.Tingt'SEOT'./t 
ITllt •MEGA-P3I'tT2«»i 'P SI't T3D •' MU-IN/IN' t m2 f » KS I • t T 51 f « KSI't TGlt • M 
B^TESi 'KSI ,.T80f,KSI,f TSPf^KSI' tTl02 » •?• tTHOi 'KSI* i/ I 

FORMAT! Tll.F7.2f T22iF7.0tT3CtF7.0tT'4C.F7.2.T'O,F7.2tT53tF7.2i TG7. F 
17.2tT78tF7.2fTB7tE3.«»fT2StF7.5»Tir3»F7,2 F 

FO?MAT( 1 HPf TtG t'••♦♦•   S-I   INTERNATIONAL   METRIC   JNIT';   ♦••♦♦»,//t 
IT 11 t tMCiULUS,tT21 t'S-INTCFT' tTIO t'E-INTCFT • f Tt| 21'SPL f t T51. 'Sl'tTB? 
2i*EXPNT,.T55.• .1-PCT   SY»tT77.».2-PCT   SY♦iT3Bf«COEFF-A•t TlODt'EXPNT 
3,tT109i*SE(»T,»/i 
««T13f ,3PA,tT2«tt •MPA•.T31•• MU-M/M» 114 2 f • MPA • # T 511 ♦ MPA « i^Sl i « M'i TG3. • 
5MFA»tT8Ci ,MPA'tT90t»MPA»IT1C2i»P•?T1101•HPA*»/I 

FORMAT! Tll.F7.2tT21iF7.2fT3C.F7.nfT33tF3.2.T«j3tF3.2fT5-itF7.2fTCG.F 
ie.2fT7 7tF8.2»T8 7fE3,'«tT5StF7.5»TlC7fF8.ZI 

FORMAT! 1HC. T«40»»STANDARD   TRROR    OF   ESTIMATE   ANO   CORRELATION   COEFFIC 
lICNT't//tT2tl.'STANDARD   ENGLISH   UNITS ' t TGI »'S-I    METRIC   UNITS'tT39f, 

T39t»S-H   ZEl T5E 2C0RR,    COCFF.'t/i    TIS.'CLAST   SEEffT27.,R 
3ELAST   SEE'tTGBt'R-O   SEE* tTSOf »S-H   SEE ' t T91 i'EL ASTIC t T1C1 i'R-C • i Tl 
'<12itS-H»t/»T19.,KSI,.T29t,KSI,.T<4 1.*KSI*fT5 3.tMPA,tT70t 'MPA't :32. • 
5MPATtT37»*R,tT105i,R'tTll?;»,R»f/l 

FORMAT! T15tF7.3fT27tF7.3fT33iF7.3tT57tr7.2.TG3.F7.2t-r3D.F7.?tr31.F 
1G,«» tTlOZtFG.t fTllDfFG.tl 

F0RMATI1H1,T27. •CCKFAr?IECN! OF COMPUTED STRESS VALUES WITH EXPFRIME 

1NTALLY OBSERVED VALUES»,/.T3G.'FOP SPECIMEN NC. ♦.AGfax,'DATE OF T 
2EST    'f2A6t//i 

3T««7t'STANDARD ENGLISH UNITS • t T 35 i'S-I METRIC UNITS •♦/« T2^# * 03 SERVE 
ID'tT3«*.'AD JUSTED' fT«ti». 'CBSERVED ' f TS** i 'COMP UTE^ ' »TE5 .'S TRESS't T7 £t • 
jOBSERVED'.T33.'COMPUTED'.T93t'STRESS'./.T?5.'ST RAIN'.'35.'STRAIN '. 
GT'45»'STRESS'tT55.'STRESS'.TE*»»'DEVIATI0N'.T79»'STRESS'fT39.'STRESS 
7'.T3 3.'DEVIATI0N'./.T?6.'IN/IN OR M/M'iT47f'KSI'tT57.'KSI'» TG7. 'K 
6SI'.TBl.'MrA'.T91.'MPA'.T101.'MPA'./I 

FORMAT! T2<J.F3.S.T31.F3.S.m«l.r7.2.T5«».r7.2.TG«».F7.3.-r73.F3.2.:a3.F 
lB.2»T9StF7.2» 

ENTRIES FOR THE EXTRAPOLATED DATA POINT A 
♦ *«♦♦' | 

ENTRIES FOR DATA 

FORMAT!lHCfT21.,**••* NO 
IRE INCLUDED IN THE TABLE 
FORMAT! 1H0.T2«J .'*•♦♦♦ NO 

IN THE TABLE ♦••««' | 
FORMAT! 1 HO. T2«».'♦»»•»   NO ENTRIES    FOR   DATA 

3EY0N0   SI   ARE   INCLUDED 

3EY0ND   TH^"   INPUT   VALUE 
IF    SPL   ARE   INCLUDED   IN   THE   TABLE    ♦*•»«'! 

END 
uFOR.IS   ORDER 

SUBROUTINE   ORDER !N.S.E.EE.MCROER) 
DIMENSION   Sill.El 1l.EEIl I 
COUNT=0 
M = N-1 

1 NOUT=P 
DO   t   1=1.M 
IF!S! I)-S!I*1 J Jt .-».3 

2 IF !E !I I.LE,EII*1I I   GC   TC   «» 
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7 NOUTrNOUT*! 
SA=S(I I 
E:A = r( u 
S3rSll*l I 
EO:Ef1*1 ) 
S{II=SB 
ZCDrEfl 
S(I+1l-ZH 
Ztl*l)=EA 

H CONTINUE 
COUNT-COUN'Tt-1 
IF ICOUNT.LT.NI    GO   TC   5 
MORDER^l 
RETURN 

5 Tr(NOUT.GT.C)    GO   TO   1 
DC   6   Irl.N 

G EZ<I)=E(U 
RETURN 
END 

SFC^tlS   LSTS3 
SUBROUTINE   LSTSl(XtY•SL»5F»LitLJJ 
DIMENSION   XllftYill 
ET=r 
STrC 
E£T = 0 
EST^O 
DO   1    I=LItLJ 
ET=ET + XII I 
ST:ST«-Y< II 
EET=ELT*Xm»*2 

1 EST=EST*X«I J«Y( II 
C^LJ-LI+l 
DEN=C*EET-ET*«2 
ENUM-C*EST-ET*ST 
CNUMrST«EET-£T»EST 
SL = ZN'JM/DEN 
OF:CNUM/DEN 
RETURN 
END 

STCR.IS   P.JM5 
SUBROUTINE   RJA75(2fXM.8B1 
FUNC(Z)-ZM3./7. )*Z**rXM}-B9 
KK=r 
RM-.croc: 
LrO 
o2=znoc. 

1 RZ=FUNC(7I 
Ic(fl3S(RZ).LE.RM )GO    TO   7 
KKrKK+1 
Ir(KK.GT.IOPIGO   TO   7 
Ir(RZ.LT.U.JGO   TO    3 

2 L=l*l 
ZrZ-L«DZ 
GO   TO   1 
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3 VrZ-OZ 
;RV:FUNC< VJ 
IF (ABSCRV I.LE.RMIGC TC 6 
KKrKK+1 
IF (KK-10C J*«f«tf7 

*i Ir(RV.LT.r. 130 TO 5 
DZ=D7/1L. 
GO TO 3 

5     Z = Z+0Z 
GO T0 3 

E     ZrV 
7      RETURN 

END 
3r0^fIS   ISOTAN 

SUBROUTINE   ISOT AN ( W t XN!T . X\'T t C W» KW I 
FUNC( 'JUW*»XNT*(3.*(XMT*1 .J/7J»W**(XNT + XMTI-CW 
L=D 
K\t-V. 
XCW=ALCG1L(3.»(XMT*3.1/7.1 
RMzw/<lC.»»3.J 
DWrW/lCO. 

P9:FUNCO » 
IF( A3S( R3I.LZ.RM 130   TO   1H 
IFIXNT+XMT rifICtZ 

1 1 = 1 
GO   T0   3 

2 r=-i 
3 IFJR3.6T.DIGC   TO   7 
1 RW = F'JNCtW) 

IF«A3S(RWI.LE.RMIG0   TO   1H 
KM=KW*1 
IF(KW.GT.IDC IGO   TC   14 
IF(RW.CT.DtGC   TC   5 
L = L«-1 
WrW-I*L*DW 
WV = W 
GALL   SIZECK(XNTiXMTtXCW»WViKXI 
IF(KX.GT.O)30   TO   12 
30 TO i* 

r. V:W+I»DW 
wv=v 
CALL   SIZECK(XNTtXMTtXCWtWV.KX) 
IF JKX.GT.O »GC   TO   12 
RV = F'JNC( V) 
IFCA3S(RV I.LE.RMI3C   TO   11 
KWrKW+l 
IF(KW.GT.100JGC   TO   14 
Ir(PV.GT.rjGO   TO   S 
DWrDW/10. 
GO TO 5 

E M=W*I»OW 
WV=W 
CALL   SIZECK(XNT,XHTtXCWtWViKX) 
IF(Ky.GT.O)GC   TO   12 
30 TC 5 

C      "CJTINC   WHERE   FUNCtW)    13   PVJZ   FCR    W = l 
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7 RW=rUNC(WI 
IF( A9«;( RWJ.LC.RM >30   TO   1«« 
IF(KW.GT.IOOIGO   TO   1H 
KW=KW*1 
IF (RW.LT.UfGO   TC   3 
L = L*1 
W-W-»I«L»3W 
WV = W 
CALL   SIZECKCXNTtXMTtXCWtWVtKXI 
ir(Ky,uT.C)GO   TC   12 
GO   TO   7 

3 V=W-I*OW 
WV=V 
CALL   SIZECK(XNT.XHTiXCWtWVfKXI 

IF CKX.GT.O rec   TC   12 
Ry=FUNC<V) 
IF{A9S(RVI.L£.RMIGO   TO   11 

IF JKW.GT.ICCIGO   TO   l^ 
IF(RV.LT.P)GO   TO   9 
DW=DW/1C. 
GC   TO   3 

9 W=W-I«DW 
WV^W 
CALL   SIZcCKCXNTtXMT.XCUtWV»KX I 

IF(KX.GT.C)GO   TO   12 
GO   TC   3 

C      ROUTINE   FOR   (XMT + XNTUO 
ID CHECK=CK-3.»lXMT*l.J/7. 

I-CCHECK.LF.UJGO   TO   13 
W:CHECK»*«1./XNTI 

GO   TO   IH 
11 WrV 

GC   TC   l«t 
12 Ky=2or 

30   TC   It 
13 KW=3C0 
lH RETURN 

END 
BFORfIS   SI'ECK 

SU9R0UTINE   SIZECK(XNT•XMTiXCWtWV.KXJ 

KX=r 
SIZES=XNT»AL0G1C(WVJ 
SIZCf<={XMT-»XNTI*ALQCir«WVI 
STZEL=XCW*SIZEM 
IF (ABE (SIZES».CT.2r. »GC 
IF(AaS(SIZEMI.GT.20. )GC 
IF(Ar.S<SIZ[:L».GT.2n.JGC 
30   TO   2 

i Kxn 
2 RETURN 

END 

TO 
TO 
TC 
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